Introduction
============

Dry eye is a multifactorial disease of the ocular surface, resulting in discomfort, visual disturbance, and tear film instability, with potential damage to the ocular surface. Dry eye disease (DED) occurs along with an increased osmolality of the tear film and subacute inflammation of the ocular surface.[@b1-opth-12-1519] Stress to the ocular surface, including environmental and genetic factors, infection, endogenous stress, and antigens are the main triggers. Proinflammatory cytokines, chemokines, and matrix metalloproteinases lead to the expansion of autoreactive T-helper cells, which infiltrate the ocular surface and lacrimal gland, resulting in a vicious circle of damage to the ocular surface and inflammation.[@b2-opth-12-1519]--[@b4-opth-12-1519]

DED affects 5%--34% of people globally, and its prevalence increases with age.[@b5-opth-12-1519]--[@b10-opth-12-1519] The large differences in prevalence are due to variations in study populations, differences in geographical, and differences in method and, until the middle of 2007, variations in the definition of the disease.[@b4-opth-12-1519]

The most common clinical tools used to evaluate the severity are the Ocular Surface Disease Index (OSDI) and fluorescein testing of the ocular surface to detect superficial punctate keratitis (SPK), frequently observed in patients with DED.[@b1-opth-12-1519],[@b11-opth-12-1519]

A wide range of management options exists for DED, including artificial tears (ATs), anti-inflammatory agents, immunomodulators, occlusive devices, and environmental modifiers.[@b12-opth-12-1519] To date, the most common treatment of DED consists in the regular use of ATs. A large number of products are available, combining in various proportions a limited number of ingredients such as glycerin, polyvinyl alcohol, propylene glycol, hydroxypropyl guar, carbomers, cellulose derivatives, and sodium hyaluronate. The ATs can be presented in low, medium, or high viscosity (gels) preparations, but no relation between viscosity and efficacy has been established yet.

Although ATs are considered as a very common and widely used treatment, no large, randomized, controlled studies have been carried out to evaluate the many types of ATs available.[@b4-opth-12-1519] However, small, randomized studies have shown that ATs increase the tear film stability, reduce ocular surface stress, improve contrast sensitivity and the optical quality of the surface, and increase the patient's quality of life.[@b4-opth-12-1519],[@b13-opth-12-1519]--[@b18-opth-12-1519]

Most of the ATs contain preservatives in order to maintain the sterility of eye drops in multidose containers. The preservatives act in a totally unspecific manner as a detergent or by oxidative mechanisms and thereby cause damage not only to contaminating bacteria and other microorganisms but also to the cells of the ocular surface. It has also been demonstrated that they also affect the contact lenses' physical properties, the trabecular meshwork, and the retina. Benzalkonium chloride (BAK) is the most commonly used preservative in ophthalmology, even though it is considered as the most toxic. More recently, some companies have developed so-called "soft" or "vanishing" preservatives, as Purite or Polyquad (Allergan Inc., Irvine, CA, USA), supposed to be less toxic. Unfortunately, several recent publications have demonstrated toxic and inflammatory effects not less than BAK on the ocular surface.[@b19-opth-12-1519],[@b20-opth-12-1519] Finally, it appears that the only solution to avoid the undesired effects of preservatives is the use of preservative-free ATs, ie, ATs in vials that can guarantee the sterility of the content despite the absence of preservative in the solution. The use of preservative-free ATs, when available, is highly recommended, including in the last version of the Dry Eye Workshop Study (DEWS),[@b1-opth-12-1519] in order to limit the noxious side effects linked to the preservatives. The aim of the present survey was to assess the clinical benefits for the patients with DED switching from a preserved AT to a preservative-free AT, namely Hyabak^®^, marketed by Laboratorios Théa (Mexico City, Mexico), containing sodium hyaluronate.

Materials and methods
=====================

This has been a nationwide, multicenter, noninterventional, and transversal observational survey conducted between April and September 2016 by 45 ophthalmologists at 41 study sites in Mexico. Written informed consent was obtained for all cases; in case of underage patients, written informed consent was also obtained from a parent or guardian of the patient. The study protocol was approved by ethics committee (Comité de Ética en Investigación Grupo de Evaluación sobre Conservadores en Oftalmologia). It complied with all local legal and ethical requirements for the conduct of observational surveys, and it was performed in accordance with the Declaration of Helsinki.

A total of \>1,200 male and female patients of any age having used for at least 6 months preserved ATs to treat their DED have been recruited. The survey planned for the following two visits: -- At baseline visit, the physicians had to collect information about the age and gender of the patient, the preserved AT currently used and its duration of use, and the number of instillations per day. The clinical situation of the patients before treatment switch has also been evaluated, through OSDI scoring and corneal staining with fluorescein. Investigators then prescribed the preservative-free AT.-- After a period of at least 3 weeks of treatment with the preservative-free AT, a second and identical clinical evaluation has been performed. In addition, at the end of this follow-up visit, the patients assessed their global satisfaction with the preservative-free AT.

Safety data have not been collected. Spontaneously reported related adverse events have been managed through postmarketing pharmacovigilance.

Statistical analyses for demographic and baseline data were descriptive. No corrections for multiple testing have been made. The mean OSDI scores before and after the treatment switch have been compared through a paired *t*-test, whereas the frequencies of detected SPK before and after the treatment switch have been compared through the McNemar test. Analyses of OSDI scores have used linear regression models, and SPK analyses have used logistic regression models. Evaluations prior to the treatment switch have been based on univariate models. Postswitch evaluations have been adjusted for values prior to switching. A significance level of 0.05 was applied. The R software (Comprehensive R Archive Network \[CRAN\]) has been used to analyze the results.

Results
=======

Demographic data
----------------

Overall, data from 1,249 patients have been analyzed, the majority being female patients (61.3%). The mean age was 51.0±15.4 years, ranging from 6 to 96 years.

The mean duration of treatment with a preserved AT before treatment switch was 15.8 months (between 6 and 120 months). Complete demographics and baseline data are presented in [Table 1](#t1-opth-12-1519){ref-type="table"}.

The majority of patients used soft or vanishing preservatives, as Polyquad or Purite. The nature and prevalence of the preservative contained in the ATs used before treatment switch are presented in [Figure 1](#f1-opth-12-1519){ref-type="fig"}. [Figure 1](#f1-opth-12-1519){ref-type="fig"} shows the data of OSDI score according to each preservative used before treatment switch to preservative-free AT.

Clinical assessments before treatment switch
--------------------------------------------

Globally, according to their OSDI score, 81% of the patients had severe DED, 6.5% of the patients had moderate DED, and 9.9% of the patients had mild DED; 2.6% of the patients did not report DED.

A positive fluorescein staining, showing a SPK, has been observed in 73.0% of the patients; details for incidences per preservative are provided in [Figure 2](#f2-opth-12-1519){ref-type="fig"}.

OSDI scores were significantly higher, and positive fluorescein staining was significantly more frequent (both *P*\<0.0001) in older adults (0.42, 95% CI \[0.34, 0.50\] and 1.03, 95% CI \[1.02, 1.04\], respectively). Conversely, there was no relationship between the gender and duration of treatment and the OSDI scores or the positivity of the corneal staining.

The patients with the higher OSDI score were also those with a positive fluorescein staining (15.61, 95% CI \[12.79, 18.44\], *P*\<0.0001).

Regardless the preservative, the duration of treatment had no impact on OSDI scores (0.06, 95% CI \[−0.05, 0.17\], *P*=0.2882) or on positive fluorescein staining (1.00, 95% CI \[0.99, 1.01\], *P*=0.4003). There was no difference in OSDI scores between patients using soft preservatives containing ATs and patients using BAK-containing traditional preservatives.

Compared to the patients using BAK-containing ATs, patients using ATs containing cetrimide (2.12, 95% CI \[1.27, 3.51\], *P*\<0.005) and Polyquad (1.95, 95% CI \[1.31, 2.89\], *P*\<0.0005) were associated with the development of SPK, while the association for patients using ATs containing Purite was similar (1.07, 95% CI \[0.77, 1.49\], *P*=0.6745547) to that for patients using BAK-containing ATs.

Clinical assessments after the treatment switch
-----------------------------------------------

### OSDI values

After the switch to the preservative-free AT, the mean OSDI score decreased from 56.0±23.5 to 28.2±17.3 ([Figure 3](#f3-opth-12-1519){ref-type="fig"}); the difference is statistically significant (*P*≤0.001). Overall, the OSDI of 97.0% of patients has decreased, with a parallel improvement in severe dry eye symptoms in 46% of the patients; 23% of the patients no longer had dry eyes ([Figure 4](#f4-opth-12-1519){ref-type="fig"}).

Compared to patients using ATs containing traditional preservatives, such as BAK, patients using soft preservatives have significantly higher OSDI values after treatment switch, when correcting for potentially different OSDI values of patients before treatment switch (coefficient regression 0.45 \[0.42, 0.49\], *P*\<0001).

However, the duration of treatment does not influence the OSDI score before treatment switch; it is observed that patients who took a preserved AT for a longer duration before treatment switch have a significantly higher OSDI value after treatment switch (−23.12 \[−25.16, −21.08\], *P*\<0.0001).

### Fluorescein staining

After switching to the unpreserved AT, the frequency of SPK has decreased from 73% to 46.1% of patients (*P*≤0.001, [Figure 5](#f5-opth-12-1519){ref-type="fig"}). As before treatment switch, the patients with the higher values of OSDI are also those with the highest association of SPK (5.93 \[4.00, 7.85\], *P*\<0.0001).

SPK after treatment switch correlated significantly with the patient's age (1.02, 95% CI \[1.01, 1.03\], *P*\<0.0001), while there was no relationship between the probability to develop SPK and the gender.

The presence of SPK after treatment switch and the duration of use of a preserved AT before treatment switch did not correlate.

When comparing the patients having used ATs containing traditional preservatives with those having used ATs containing soft preservatives, the association to develop SPK is significantly higher (2.47, 95% CI \[1.87, 3.25\], *P*\<0.0001) in those patients having used ATs containing soft preservatives before the switch.

A total of 94.0% of the patients stated that they preferred being treated with the preservative-free AT than with the former, preserved one.

Discussion
==========

On a country-specific level, these large-scale epidemiological data show that in Mexico, not only older adult patients suffer from DED but also patients of almost any age suffer from DED. The following two factors explained this distribution: the high level of pollution in the urban areas and the very low level of humidity during the dry season.

The present results confirm that a large majority of patients treated with preserved ATs still suffer from severe DED according to OSDI assessments and presented a SPK. There is no relationship between the duration of treatment with a preserved AT and the severity of the DED: even patients treated for a short time had developed signs and symptoms of severe DED. As expected, there is a clear relationship between the patient's age and increased OSDI scores and SPK when using preserved ATs.

Concerning preservatives, in order to avoid the damages caused by the traditional benzalkonium chloride (BAK), cetrimide or thiomerosal, some companies have developed so-called soft or vanishing preservatives, named Polyquad or Purite. It is therefore interesting to analyze, in real-life conditions, whether this new generation of preservatives is less harmful for the ocular surface than the former one. The results are surprising: -- Patients using soft preservatives had significantly (*P*\<0.0001) higher OSDI scores after tretament switch. This correlation is established as 45%. This correlation does not exist before treatment switch.-- Patients using soft preservatives had a 2.47 times higher chance to develop SPK after treatment switch (*P*\<0.0001) than those using traditional preservatives. Also, in the case of SPK, this correlation before treatment switch does not reach statistical significance (OR 1.31, *P*=0.0434).

In other words, switching from a preserved AT to an unpreserved one could lead to a quick improvement in OSDI and SPK frequency. This clinical result could support the findings of Meloni et al[@b19-opth-12-1519] in preclinical assays.

A high correlation between SPK and high OSDI score has also been observed, before as well as after treatment switch. It is reasonable to assume that patients with a high OSDI score are highly likely to present also an SPK.

Overall, high OSDI scores and the frequency of SPK have significantly decreased (97 and 37%, respectively, both *P*≤0.001) when switching to a preservative-free AT, although in some cases, the OSDI scores may remain high after treatment switch. One of the reason for this may be that recovery from ocular surface diseases may take longer in these patients after preservatives have been eliminated, confirming the sustained impact of preservatives on the eye surface.[@b21-opth-12-1519]--[@b24-opth-12-1519] These data also confirmed that ATs, regardless the type of preservative, cause long-term damage to the eye surface and hence should be avoided in patients suffering from chronic DED, according to Jones et al.[@b14-opth-12-1519]

When asked for their preference, more than nine of the 10 patients preferred the preservative-free AT over their previous ATs.

We acknowledge that the above observations are not based on data collected through a comparative study, hence not allowing an intergroup comparison. Other weakness of this survey is the absence of data about concomitant pathologies or concomitant treatments, which both potentially may have impacted on their DED. Moreover, the survey did not plan for assessing the improvement in OSDI scores and frequency of SPK after the treatment switch. Despite these limitations, the present real-life survey allowed to collection of epidemiological data from a large patient sample providing an overview of the population suffering from DED in Mexico and showing that severe DED and SPK are strongly present and sustained in patients using preserved ATs over a long time period to treat their disease. In addition, our survey showed that, when switching to a preservative-free AT, DED and SPK improve significantly, thereby confirming the clinical benefit of a preservative-free AT.[@b25-opth-12-1519],[@b26-opth-12-1519]

Conclusion
==========

This survey confirmed that using preserved ATs, regardless the type of preservative, causes harm to the ocular surface even in case of short periods of treatment and that so-called "soft preservative" could be even more harmful to the ocular surface than traditional preservatives including BAK. Although the existence of concomitant pathologies or treatments have not been assessed, it also confirms that switching to preservative-free ATs improve markedly and rapidly the ocular surface status, with the result of a strong preference of the patients for the unpreserved treatment.
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![Type of preservative used and corresponding OSDI scores before treatment switch to preservative-free AT.\
**Abbreviations:** AT, artificial tear; BAK, benzalkonium chloride; OSDI, Ocular Surface Disease Index; Oxyd, Stabilized Chlorite Complex; Purtite, Stabilized Oxychloro Complex.](opth-12-1519Fig1){#f1-opth-12-1519}

![Percentage of patients with SPK at baseline according to preservatives.\
**Abbreviations:** BAK, benzalkonium chloride; N/E, not evaluable; SPK, superficial punctate keratitis.](opth-12-1519Fig2){#f2-opth-12-1519}

![Mean OSDI score at baseline and follow-up visit.\
**Note:** The decrease was statistically significant (*P*≤0.001).\
**Abbreviation:** OSDI, Ocular Surface Disease Index.](opth-12-1519Fig3){#f3-opth-12-1519}

![Percentage distribution of OSDI severity in patients before and after treatment switch.\
**Abbreviation:** OSDI, Ocular Surface Disease Index.](opth-12-1519Fig4){#f4-opth-12-1519}

![Percentage of patients with SPK after fluorescein staining before and after the treatment switch.\
**Note:** The decrease was statistically significant (*P*≤0.001).\
**Abbreviation:** SPK, superficial punctate keratitis.](opth-12-1519Fig5){#f5-opth-12-1519}

###### 

Demographic and baseline disease data

  ------------------------------------------------------- ------------
  Total number of patients (N)                            1,249
  Age (years)                                             
   Mean ± SD                                              51.0±15.4
   Range                                                  6.0−96.0
  Gender, n (%)                                           
   Female                                                 766 (61.3)
   Male                                                   483 (38.7)
  Preserved artificial tears                              
   Duration (months)                                      
    Mean ± SD                                             15.8±12.1
    Range                                                 6.0--120.0
   Daily instillations (n)                                
    Median                                                4
    Range                                                 1--14
   Type of preservative, n (%)                            
    Traditional preservatives                             517 (45.9)
    Soft preservatives                                    607 (54.1)
    Missing                                               125
   Preservative, n (%)                                    
    BAK                                                   331 (29.3)
    BAK/cetrimide                                         4 (0.4)
    Cetrimide                                             133 (11.7)
    Stabilized chloride peroxide                          6 (0.5)
    Polyquaternium-1                                      256 (22.8)
    Stabilized oxychloro complex                          351 (31.0)
    Thiomersal                                            47 (4.1)
    Others                                                2 (0.2)
    Mixed (including four BAK/cetrimide and two others)   119
  OSDI                                                    
   Mean ± SD                                              56.0±23.5
   Range                                                  6.3--100
  SPK, n (%)                                              
   No                                                     334 (27.0)
   Yes                                                    898 (73.0)
   Missing                                                17
  ------------------------------------------------------- ------------

**Abbreviations:** BAK, benzalkonium chloride; OSDI, Ocular Surface Disease Index; SPK, superficial punctate keratitis.
